Abstract. Elastomers are widely used for damping parts in different industrial contexts because of their remarkable dissipation properties. Indeed, they can undergo severe mechanical loading conditions, i.e., high strain rates and large strains. Nevertheless, the mechanical response of these materials can vary from purely rubber-like to glassy depending on the strain rate undergone. Classically, uniaxial tension tests are made in order to find a relation between the stress and the strain in the material at various strain rates. However, even if the strain rate is searched to be constant, it is the nominal strain rate that is considered. Here we develop a test at constant true strain rate, i.e. the strain rate that is experienced by the material. In order to do such a test, the displacement imposed by the machine is an exponential function of time. This test has been performed with a high speed hydraulic machine for strain rates between 0.01/s and 100/s. A specific specimen has been designed, yielding a uniform strain field (and so a uniform stress field). Furthermore, an instrumented aluminum bar has been used to take into account dynamic effects in the measurement of the applied force. A high speed camera enables the determination of strain in the sample using point tracking technique. Using this method, the stress-strain curve of a rubber-like material during a loading-unloading cycle has been determined, up to a stretch ratio λ = 2.5. The influence of the true strain rate both on stiffness and on dissipation of the material is then discussed.
Introduction
Because of their remarkable dissipative properties, elastomers are widely used as damping parts in industry, especially to absorb shock. Indeed, they can undergo severe mechanical loading conditions, i.e. both large strain and strain rates. Nevertheless, because of their viscoelastic nature, the mechanical response of these materials can vary from purely rubber-like to glassy depending on the strain rate undergone, as shown by Yi et al. [1] or Sarva et al. [2] .
In this context it is really important to perform experiments to understand how they react depending on the strain rate. At low and high strain rates, the conventional mechanical frames and the Hopkinson bar set-up [3] , respectively, are classicaly considered. However, there is no consensus of opinion on the methodology that should be undertaken at intermediate strain rates. Hoo Fatt & Bekar [4] and Hoo Fatt & Ouyang [5] proposed a modified Charpy test. The main idea is to achieve homogeneous strain and stress fields as quick as possible by applying a tensile load on both sides of the specimen with the help of a system of pulleys and cables. Roland et al. [6] used the same idea and modify a drop weight machine. These solutions, however interesting, needs a high accuracy on the design of the pulleys and cables in order to achieve an acceptable synchronisation between loads at specimen extremities: the delay between the two loading time must be insignificant compared to the test duration. Recently, Othman et al. [7] proposed a hybrid servo-hydraulic machine for intermediate strain rate testing. Namely, the conventional piezo-electric transducer is replaced by a three-gages instrumented elastic bar in order to capture transient effects. The three strain-gage signals are then analysed by a wave separation technique proposed in Refs. [8, 9] and previously applied to the Hopkinson bar set-up [10, 11] .
In this paper, we are interested in testing rubber-like materials at constant true strain rates. In the intermediate strain rate range, a technique similar to that proposed by Othman et al. [7] is proposed. Moreover, the specimen is designed to rapidly achieve uniform strain and stress states in order to avoid considering corrections as proposed in [12, 13] .
Method

Material and sample
The main aim of the experiments is to perform constant true strain rate tension tests for a wide range of strain rate while achieving large strains. As the measurement of strain can not be direct, we can not use a classical regulation loop to prescribe a constant true strain rate in a part of the sample. Therefore, the feed-back loop should be considered in terms of displacement. For this reason, we developed a special sample for the test. Indeed, we can not use classical dumbbell sample because its center will be stretched more than the zone near the grips and, as rubber response is non-linear, we can not know how the strain field would be. Thus, the section of the sample must be constant between the clamps to ensure the best possible homogeneity of both strain and strain rate field (see Fig. 1 ). The sample was made of Styrene Butadiene Rubber (SBR) filled with 20phr carbon blacks. The gauge (central part) length is 20 mm. Considering a wave velocity of some hundreds meters per second, the time necessary to achieve homogeneous stress and strain is of some hundreds microseconds. In the most limiting case, i.e., for strain rates about 100/s, the sample is deformed by some percents before homogeneity is achieved in the sample. The sample is deformed less than 1% before reaching stress and strain homogeneity at a strain rate of about 10/s. The stress and strain in the specimen are assumed homogeneous; and then, the stress is deduced for a boundary force measurement.
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Machine and loading conditions
The experimental device is a high speed hydraulic machine (MTS 819). The displacement of the cylinder is controlled by a computer, using a LABVIEW program specially developed to this experiments.
We aim to perform tensile experiments in which the true strain rate tensor D is kept constant. If we suppose the transformation x = ψ(X, t) to be homogeneous in the sample, with a associated deformation gradient F, we can define two different velocity gradient:
-The material one that is based on the initial configuration:
-The spatial one that is based on the current configuration that is closer to what really is seen by the material:
The relationship between these two quantities is :
However, this gradient takes into account the rate of rotation and the rate of deformation and so the strain rate tensor is defined as:
For uniaxial test, the deformation gradient of an incompressible material is: with λ = l/l 0 the stretch ratio. And so the derivative of the deformation gradient with respect to time is:
Because of the symmetry of the deformation gradient, the strain rate tensor is:
As we want D to be constant, then the stretch ratio has to be : λ = e αt instead of λ = αt as it is commonly used for tension test at constant engineering strain rate. Then, the deformation gradient is written as:
It is though important to notice that for a stretch that is nearly equal to 1, i.e. for small strain, the two expressions are equivalent. In order to have a constant true strain rate, we control the displacement of the lower grip such as: u = l 0 (e αt − 1), with l 0 the initial length of the specimen.
Strain and stress measurement
To measure the strain undergone by the material, a random speckle is painted on the sample. Each test is recorded using a high-speed camera (PHOTRON FASTCAM SA1). The sample must be light with a projector to properly record images. The parameters used for the camera are given in the Table 2 . We then use a point tracking technique software (TEMA Automative) to determine the displacement of several points of the recorded images (see Fig. 2 ). The displacement of those points over time permits to calculate the stretch ratio (and hence the strain rate) in various areas of the sample :
The displacement along the transverse direction is very small and so cannot be properly recorded with the point tracking technique. The displacement over the loading direction (Y) is the only one used to compute the stretch ratio.
As the stress field is assumed homogeneous, an average stress can be calculated for each test from the force measured at an extremity of the specimen. Two force 01011-p.2 DYMAT 2012 Fig. 2 . Position of the points used for tracking. measurements are used in our case. The first force measurement is given via a piezoelectric force cell. However, the transient effects are increasingly significant as strain rate increases. Large oscillations are observed on the force signals. Hence, the servo-hydraulic machine is equipped with a second force transducer; it consists in a threestrain-gauges instrumented tubular aluminum bar. This is inspired from the work of Othman et al. [7] , although there are two differences. In our case a tubular aluminum bar is used instead of a steel rod in order to increase the signal-to-noise ratio for soft materials. Moreover, the wave separation technique is not considered here. Indeed, the tubular bar is 0.4 m long and the distance between the gauge is about 0.15 m. Thus, the time for the wave to go from one gauge to the other is about 30 µs. This is insignificant compared to the test duration. Consequently, the tube can be considered as quasi-statically loaded. The three strain-gauge signals are then averaged before deducing the force applied to the specimen. A schematic picture of the experimental set-up is presented in Fig. 3 .
Memorandum of the experience
Five cycles of tension up to a stretch ratio of λ = 2.6 at a strain rate of 0.01/s were performed the day before to remove the Mullins effect. After placing the painted sample in the grips, we measure the length between grips, that is the initial length of the specimen and input it in the LABVIEW program with the desired strain rate. The displacement over time curve is calculated by the LABVIEW program and the test is started.
Results
Strain
For each test, we obtain the stretch ratio at different position of the sample (see Fig. 2 ). The results for α = 1/s are shown in the figure 4. By taking the mean value of stretch ratio we calculate an average value of the stretch in the sample and hence, after smoothing and derivation, we determine the true strain rate α that is constant over time both during loading and unloading (see Fig. 5 ). It confirms that the set-up is well-designed and permits constant true strain rates experiments ranging from 0.001 to 10/s. We also perform tests up to 100/s but for this velocity, unloading is not possible. Moreover, we attain the limits of the machine, we are not able to perform constant true (or nominal) strain rates experiments. However, the strain rate recorded is not so far from the value we prescribe (see Fig. 6 ). Furthermore, the beginning of the experiment presents a wave propagating in the specimen, which means that the strain field is not constant and so we can not prescribe constant true strain rate. So, even if we attain the limits of the machine, the strain rate can not be constant in the material. Nevertheless, it heads to valuable information as well, as we are able to record all the values.
Stress
As expected, at low strain rates, the force cell gives relevant results (see Fig. 7 ), but as the strain rate increases, noise and perturbation in the signal are observed (see fig. 8 ). On the other hand, the signal recorded by the strain gauges placed on the aluminium bar gives good results at intermediate strain rates (10-100/s) but deviates for low strain rates. This is due to the heating of the bar that occurs during the test because of the projector used to light the sample. So, for small strain rates (0.01/s), we only consider the force cell to compute the stress. At intermediate strain rates (10-100/s), we only consider the gauge signals. As there is no noticeable time shifting between the 3 curves, the mean value is considered instead of using the decorrelation technique.
Stress-strain response
Finally, filtering the stress signal over the time gives smooth curves of stress and stretch versus time. Using those, the stress-strain response figure can be drawn (Fig. 9) . The tested material experiences a strengthening as the strain rate increases as it has been shown by Hoo Fatt & Ouyang [5] for example. A real benefit of using a high speed machine instead of a home made machine is the fact that one can prescribe the loading signal. In our case, we were able to load and unload the specimen at desired strain rates except at 100/s where unloading is too risky. Such tests give an extra information about the behaviour of the material: the dissipation. It is important to notice that it evolves with strain rate. Indeed, the hysteresis loop is larger for high strain rates (10-100/s), showing that the dissipation increase with the strain rate in the range from 0.01 to 10 /s (Fig. 10) .
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Conclusion
We have presented a method to perform tests at constant true strain rate. This method necessitates the use of a special sample with a constant section, between the clamps, to ensure homogeneous strain and stress fields. A tracking point technique enables to measure the strain in the sample. For the stress measurement, weconsider two types of sensors: (i) a classical force cell for low strain rates, (ii) a three-strain-gauges tubular aluminum bar for the intermediate strain rates. This method permits to perfectly prescribe the strain history for strain rates up to 10/s. Above this speed, we attain the limits of the machine, but also of the material: the strain field is no longer constant at the beginning, for strain of some percents. Nevertheless, we determine the stretch-stress-time curve for the material during the loading of the material but also during the unloading (up to 10/s). We also compute the energy dissipated over 1 cycle. The results show that SBR experiences a strengthening as the strain rate increases and a change in the hysteresis loop. However, it would be interesting to compare those results with tests performed at constant nominal strain rate.
